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After a brief discussion of the promise and limitations of the lattice technique, I review lattice QCD results
for several quantities of phenomenological interest. These are: matrix elements for heavy-to-light meson decays,








for neutral B and K meson mixing respectively,
the strong coupling constant, light quark masses and the lightest scalar glueball mass.
1 Introduction
In this review I concentrate on lattice QCD results
for a selection of quantities directly relevant for phe-
nomenology, some of which were not otherwise re-
ported at this conference. I apologise to presenters
of lattice studies which I do not have space to report
on here and refer the interested reader directly to the
parallel session reports.
Lattice QCD is an important tool for the non-
perturbative evaluation of strong interaction eects,
but a wary consumer should keep in mind the main
sources of error, which I will briey mention below,
when using lattice results. One beauty of the lattice
approach is that these errors can be systematically
investigated and reduced.

























tonic decays are important for determining jV
ub
j; the
radiative decay for V
ts
and as a window on new
physics. Next follow results for the B meson decay
constant f
B
and mixing parameter B
B
, crucial for
constraining the Standard Model unitarity triangle.





and the light quark masses, concluding
with results for the lightest scalar glueball.
2 Lattice Calculations
The standard lattice approach to QCD uses a discre-
tised nite volume region of Euclidean space-time on
which the quantum eld theory path integral becomes
a well-dened multi-dimensional integral evaluated by
Monte Carlo methods.
Current simulations use lattice spacings a in the
range 0:05{0:2 fm, sucient to cover a hadron of size
0:5 fm or greater by a few lattice points. These a's cor-
respond to energy scales of 1{4GeV putting the lattice
ultraviolet cuto above the scale of low energy QCD
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dynamics. Continuum results should be obtained in
the limit a!0: this continuum extrapolation is now
feasible for many quantities. Lattices should be large
enough that hadrons will comfortably t on them.
Current spatial sizes are of order 2 fm or so, though
some practitioners advocate at least 2:5 fm.
?
Because the QCD action is quadratic in the quark
elds, matrix elements of quarks can be evaluated us-
ing quark propagators in the gluon background to-
gether with the gluon-eld-dependent determinant of
the fermion operator. The determinant is extremely
demanding to calculate so it is often set to its average
value in the gauge eld background|the quenched
approximation|which corresponds to neglecting in-
ternal quark loops. In practice, much of the eect
of internal loops is to change the running of the cou-
pling constant and this can be compensated by chang-
ing the value of , the bare coupling which is input.
Quenching is one of the systematic eects causing dis-
agreement between lattice spacings determined from
dierent physical quantities.
Calculating quark propagators means inverting
the fermion operator. This is very slow for realistic
light quarks, so a range of masses around the strange
mass is simulated and then a `chiral extrapolation'
made to realistic values. For heavy quark masses m,
the inversion is fast but for large ma discretisation er-
rors are large. Hence, B physics results using relativis-
tic fermion actions typically involve an extrapolation
from results at masses close to the charm scale. An al-
ternative is to use static or nonrelativistic (NRQCD)
lattice actions. In the static case the quark mass is
treated analytically, outside the simulation, and re-
sults are obtained in a systematic expansion around
the innite mass limit. NRQCD actions work well for
quarks around the b mass and above, but begin to fail
as one approaches the c mass. Actions are also used
which interpolate between the static and relativistic
extremes.
?
Lattice calculations provide matrix elements of
bare operators dened with the lattice regularisation,
1
but results are needed for matrix elements in a contin-
uum scheme, like MS. A continuum operator typically










where the renormalisation constants Z
ij
can be cal-
culated perturbatively. Lattice perturbation theory
using the bare coupling g
2
0






in favour of a
continuum-like denition leads to better behaviour,
but nonperturbative methods are being developed and
used (some are mentioned below).
?
This looks to be
the way of the future.
Lattice gluon actions have discretisation errors
beginning at O(a
2
). The simplest, Wilson, fermion
action, a latticised relativistic Dirac action, has errors
beginning at O(a). One can simply accept the O(a)
errors and let the a!0 extrapolation remove them.
However, removing or reducing the O(a) errors allows
simulations at coarser lattice spacings and makes the
continuum extrapolation less severe. This `improve-




action removes O(a) errors at tree level, so the rst
corrections are O(
s
a). The SW action contains one
extra term compared to the Wilson action. By tuning
the coecient of this term one can reduce or even re-
move all O(a) errors in physical quantities (one has to
improve operators used in matrix element calculations
also). Partial removal using `tadpole-improvement'
?
is being widely applied, but an ambitious program
by the ALPHA collaboration
?;?
aims for complete re-
moval.
3 Semileptonic and Radiative Heavy-to-light
Decays
Lattice form factor calculations are crucial here: the
overall normalisation at the zero recoil point ! =
vv
0
= 1 is not xed by heavy quark symmetry as
it is for a heavy-to-heavy transition. Here v and v
0
are the four-velocities of the B meson of mass M and
the meson of mass m it decays into, respectively. The








Relativistic quark calculations use heavy quark
masses around the charm mass. The initial heavy me-
son is given 0 or 1 lattice units of three-momentum,
while the light nal meson can generally be given up
to two lattice units of spatial momentum, allowing q
2





(where ! = 1)
down to q
2
< 0 at the D scale. Heavy quark symme-
try determines the M dependence of the form factors
at xed !, enabling an extrapolation to the B scale.













range for heavy-to-light decays as a function of the
decaying heavy meson mass. Lines of constant ! are shown.
The light nal state mass is taken to be 850MeV, typical of
lattice pseudoscalar or vector meson masses before chiral ex-
trapolation.
Fig. 1 shows that scaling in M at xed ! sweeps all




cays. The problem is then to extrapolate back down
to q
2





 where only the form factors at q
2
= 0
contribute. Even if a static, non-relativistic or other
modied action is used for the heavy quark, the re-
striction on usable three-momenta on current lattices,
caused by momentum-dependent errors and increas-
ing statistical uncertainty, ensures that form factor





Some assistance is provided by ensuring that any
model q
2
dependences respect heavy quark symme-







for B !  are related at
q
2
= 0 and consistency can be achieved by tting f
+
to a dipole [pole] form and f
0
to a pole [constant]



























. An overall t might then be
used. However, it is clearly desirable to avoid models
entirely.























= 0 only are not displayed).
For massless leptons, the decay rate is determined
by f
+





(with suitable conventions) makes lattice measure-
ments of both form factors useful. One procedure uses
dispersive constraints, obtained by combining disper-
2
































































































(, preliminary). Systematic errors have been added
?
to the UKQCD and FNAL points. The vertical




sion relations with unitarity, analyticity, crossing sym-
metry and perturbative QCD, to obtain model inde-
pendent bounds. Lellouch
?;?





(0) condition together with
imperfectly known values of the form factors, typi-
cal of lattice results with errors, to obtain families of
bounds with varying condence levels. A set of such
bounds is shown in Fig. 3 together with the UKQCD
?





are plotted back-to-back, showing the
eect of imposing the constraint at q
2
= 0.
In Table 1 the bounds have been used to give






















= 0. When combined with the experi-
mental result for the decay rate, one can extract jV
ub
j
with about 35% theoretical error. Although not very
precise, this result relies only on lattice calculations of
matrix elements and heavy quark symmetry, together
with perturbative QCD and analyticity properties in
applying the dispersive constraints. There is no model
dependence. Improved lattice results can be used as
input for the bounds once they become available.
Also shown in Table 1, for comparison, are val-
ues obtained from lattice calculations where assumed
q
2





one value of f
+
has been used, at the given
value of q
2
, tted to a single pole form with pole mass
m
p
. The UKQCD result
?
is obtained from a com-
















results from dispersive constraints ap-
plied to lattice data,
?
together with results obtained using
ansatze for the form factor f
+




















Dispersive 2:4{28  0:26{0:92 95% CL
Constraint
?
3:6{17 0:00{0:68 70% CL





























































The data points are from UKQCD,
?
with added
systematic errors. The pairs of ne curves are, outermost to
innermost, 95%, 70% and 30% bounds. The upper and lower






Note that the UKQCD points have statistical errors
only and have not been chirally extrapolated|they
correspond to a pion mass of around 800MeV (a sim-







). The results given
?
have used these values as
though they applied to the physical pion. In obtain-
ing bounds based on these points, Lellouch
?
added
a conservatively estimated systematic error including
terms to account for the chiral extrapolation (this er-
ror has been added to the UKQCD and FNAL points
plotted in Fig. 2).
Chiral extrapolations are severe for the B ! 
matrix elements. As the pion mass approaches its
physical value the B

-pole and the beginning of the
B continuum approach q
2
max
from above and the




. This is not a problem for B !  so lattice cal-
culations of semileptonic B !  decay are currently
most reliable and I now turn to them.
3.2 Semileptonic B ! 
To avoid models for the q
2
dependence of the form
factors, we use the lattice results directly. The lat-
tice can give the dierential decay rate d =dq
2
, or the










. For example, UKQCD
?


























where  is the usual phase space factor and a and b are
constants. The constant a plays the role of the Isgur-
Wise function evaluated at ! = 1 for heavy-to-heavy
transitions, but in this case there is no symmetry to
determine its value.
For massless leptons, the dierential decay rate




form factors, but A
1




the best measured on the lattice, as shown in Fig. 2.
UKQCD performed a t to the parametrisation in






Discounting experimental errors, this result will allow
determination of jV
ub
j with a theoretical uncertainty
of 10% statistical and 12% systematic. CLEO are be-
ginning to extract the dierential decay distributions.
?





well with a light cone sum rule (LCSR) calculation
of Ball and Braun.
?
More interestingly, LCSR calcu-
lations predict that all the form factors for heavy-

















+   ): (2)
The leading M dependence comprises
p
M from the
heavy state normalisation together with the behaviour
of the leading twist light cone wavefunction. For A
1
(0)




(0) ' 0:26. UKQCD tted the
heavy mass dependence of A
1






















































































3.3 Rare radiative B ! K


This decay was discussed in some detail by A. Soni
at Lattice 95
?
so my comments will be brief. Table 2
summarises available lattice results, all from quenched










which is parameterised by three form factors, T
i
, i =





(0) are needed. Suitably dened, they are equal, so






). The results are classied
by the leading M dependence of the form factor at
q
2
= 0 which is governed by the model used for the q
2






behaviour and pole/constant forms give M
 1=2
. The
results agree when the same assumptions are made.
All groups nd that T
2





, but the overall forms cannot be decided, so
a phenomenological prediction is elusive.
Additional long distance contributions may not
be negligible so the matrix element of Eq. (3) may not













)= (b! s) can be compared
to the experimental result to test for long distance
eects.




The leptonic decay constant of a pseudoscalar me-
son P is dened by the axial current matrix element
h0jA






On the lattice one calculates a dimensionless quantity
Z
L
















is the renormalisation constant required to
match to the continuum and a is the lattice spacing.
Two collaborations have new values, shown in ta-




obtained from continuum extrap-
olations of quenched results at several lattice spacings.
JLQCD
?
study dierent prescriptions for reducing
the O(ma) discretisation errors associated with heavy
quarks and aim to show that all results converge in the
continuum limit. Their error is statistical combined
with an error from the spread over prescriptions.
MILC
?
simulate a range of heavy quark masses
plus a static (innite mass) quark, giving meson
masses straddling m
D
and allowing an interpolation
to m
B
. Their (preliminary) results give errors from:
(i) statistics, (ii) systematics within the quenched
approximation and (iii) unquenching|they have dy-
namical fermion results but do not yet perform a con-
tinuum extrapolation with them. Their results sug-
gest that unquenching will raise the value of the de-
cay constants. This agrees with an estimate,
?;?
us-
ing the dierence between chiral loop contributions in




is increased by 20% over its quenched value. Calcula-
tions of f
B
in the static limit extrapolated from neg-
ative numbers of avours
?







ing a lattice NRQCD action (and heavy-light axial
current) corrected to O(1=M) where M is the heavy
quark mass. However, the renormalisation constants
required to match onto full QCD are not yet available,
so I will not quote results for the decay constant.
The last row of table 3 summarises
?
global results
for B and D meson decay constants, following the





Recent lattice calculations of the B meson mixing
parameter B
B
(), dened analogously to the kaon
mixing parameter B
K
in Eq. 4 below, have been
made both for relativistic quarks
?;?
and in the static
limit.
?;?;?
The latest static results
?;?
use new calcu-
lations of the full-theory/static-theory matching in-





() is scale-dependent it is conventional to quote a
















(), but the two-loop
relation is commonly used.
?;?
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. Statistical and systematic errors have been combined in quadrature. The MILC results include a systematic error








































Summary 175(25) 200(25) 1.15(5) 205(15) 235(15) 1.15(5)
Calculations with relativistic quarks show no ob-





= 1:3(1) [with a weighted average







= 1:4(1) using the two-loop
formula.
?
Allowing for uncertainty in the continuum





the quenched lattice result.











= 1:40(6) for the one-loop RGI








dominant uncertainty is from higher order terms in
the perturbative matching to continuum QCD. Non-
perturbative renormalisation will be crucial to reduce
systematic errors.
?;?
The relevant quantity for B{


















= 175(25)MeV from table 3 gives

B
= 207(30)MeV as the current lattice estimate.
?
This quantity can also be extracted directly from the









uncertainties from setting the scale, it is convenient





























has been evaluated from
separate results for the decay constant and B param-








































measured on the same gauge congurations. The re-
sults of the two methods are quite consistent, but fu-




The above results are from quenched calcula-













, numerical evidence suggests a small in-
crease on two-avour dynamical congurations
?
but
the chiral loop estimate
?;?
is for a decrease of  0:04
in the ratio.





























where L = 1 
5
. It is a scale dependent quantity for
which lattice results are most often quoted after trans-
lation to the value in MS using naive dimensional reg-
ularisation (NDR) at a scale  = 2GeV. I will follow
this practice while discussing the lattice results and
















































are the rst two coecients
of the beta function and anomalous dimension,
respectively.
?;?
Systematic errors in B
K
calculations are be-
ing carefully explored. Calculations using staggered
fermions (an alternative formulation of relativistic lat-
tice fermions) are statistically more precise, but Wil-
son fermion results are rapidly improving. Here I sum-
marise the current situation. For more details see the




Discretisation errors for B
K
using staggered fermions







formed with a range of lattice spacings a there-




(2GeV) = 0:616(20)(27) for the quenched re-
sult. The data itself, however, could not distinguish
6
















(2 GeV) as a function of
m

a, with a quadratic t to four leftmost data points (solid)
and a linear t to ve leftmost data points (dashed). \Non-
inv" and \Inv" refer to two possible discretisations of the lattice
operators.
linear and quadratic a dependence. New results from
the JLQCD collaboration
?;?
are shown in Fig. 4.
Their data ts better to a linear than a quadratic
dependence on a. The argument for O(a
2
) correc-
tions has been checked,
?;?;?
however, so results are
quoted for a quadratic t.
?
Future calculations at
smaller a should conrm the leading a
2
dependence.
A continuum-extrapolated quenched result has also























Two issues need addressing to relate the results
in Eq. (5) to B
K
for full QCD. One is the inclusion of





since the calculations above have a kaon composed
from degenerate quarks.
Important progress in unquenching B
K
has been
made by the OSU group,
?
who nd a statistically sig-
nicant increase in B
K



















They calculated with n
f
= 0; 2; 4 for xed lattice spac-
ing a = 2GeV. Sharpe
?
gives a more conservative es-




with physical mass non-
degenerate quarks requires fermions with very small
masses and will therefore be dicult. However, chi-
ral perturbation theory xes the quark mass depen-
dence of B
K
, providing a way to determine the non-
degeneracy correction.
?;?











Combining the staggered fermion results in
Eq. (5) with the unquenching and nondegeneracy cor-




(2GeV) = 0:64(2)(10): (8)
The rst error is that in the quenched value. The
second is the larger 15% unquenching error combined
in quadrature with the 5% error for nondegeneracy.
Since Eq. (8) incorporates estimates of systematic ef-




(2GeV) = 0:58(2)(9), where the central value
is the quenched result, noting that unquenching and
nondegeneracy can raise the value by 10%. Convert-

















using Wilson and SW fermions
have to deal with the explicit breaking of chiral sym-
metry by the fermion action. This means that the
continuum operator of interest mixes with four other

















The constants Z and z
i
have to be determined so that
lattice and continuum matrix elements agree to O(a).






























) +    :
For the continuum operator used to determine B
K
,
chiral symmetry demands that  =  = 
1
= 0. The
vanishing of these momentum-independent lattice ar-









results with a more conservative
?
unquenching and degeneracy error.
7
Various methods have been applied to determine
the z
i
and Z. One loop perturbation theory gives
incorrect chiral behaviour. One can adjust the z
i
by hand to restore the correct behaviour
?;?
or cal-
culate with varying momenta to isolate and discard
the artifacts.
?;?
A better procedure is to calculate Z
and the z
i
nonperturbatively. The Rome group de-






chiral Ward identities on quark matrix elements to
determine the z
i
, together with a continuum normali-
sation step to x Z. Both groups nd that the matrix
element of O
cont
is obtained with the correct chiral
behaviour. The errors are currently larger than for
staggered fermions, principally because of the need to





nd that the continuum extrapolation
is best done for a quantity diering from B
K
by
lattice artifacts which vanish as a!0. Extrapolat-









= 0:59(8), in excellent agreement
with the staggered results in Eq. (5).




from Lattice QCD are done in








takes its measured value, and (iii) convert
to 
MS
. Step (i) is necessary because the bare lattice
coupling, determined from the simulation parameter
 = 6=g
2
, is rather small and has a badly-behaved




. Steps (ii) and (iii) are the major
source of uncertainty. Here I will give an update and
refer the reader to recent reviews for more details.
?;?;?
New results are available
?
from the NRQCD collabo-
ration and a Fermilab-SCRI group, both using quarko-
nium level splittings to x the lattice spacing. Other
lattice methods of determining 
s
are being devel-
oped. These include studying the three gluon vertex
?
and a program by the ALPHA collaboration using the






























is the single plaquette expectation value which
can be determined accurately for n
f
=0 and 2 with
varying sea quark masses.
Figure 5: Recent lattice determinations of 1=
P
as a function of





=0) results with the scale set from charmonium
and circles are quenched results with the scale from . Two-
avour (n
f
=2) results from charmonium and  are denoted by
pluses and crosses respectively. Results extrapolated to n
f
=3





) = 0:115 and 0:125 respectively.
The lattice spacing is determined from 1S{1P and
1S{2S quarkonium level splittings which are known
experimentally to be very insensitive to the heavy
quark mass in the bottom to charm region. Quarko-
nia are tiny systems, so nite volume eects should
be small. The actions used can be systematically im-
proved to control discretisation errors. Unquenching






. A further systematic error is the eect of the
sea quark mass on the level splittings. Sea quarks
in lattice simulations are heavier than physical up or
down quarks. Grinstein and Rothstein
?
estimate that
the extrapolation to physical masses could increase












































= 0:96. It was previously set
to zero. Using the quenched value even for n
f
= 3




), although there is clearly
still a systematic error here.










The solid curves superimposed on the










). The most recent











The rst error is a combination of statistics, determi-
nation of the lattice spacing a and relativistic correc-
tions. The second error comes from the extrapolation
in the sea quark mass and the third, dominant, error
is from the conversion to 
MS
(from the dierence be-
tween using C
2





) = 0:118(3). The NRQCD method currently
relies on perturbation theory to x the coecients in
the action, for which it is hard to estimate systematic
errors. Nonperturbative renormalisation techniques
may help here. The Fermilab/SCRI group use a dif-
ferent eective action to calculate the

bb and cc spec-





=2. Applying the same analysis as above














8 Light Quark Masses







three of the least well known standard model param-
eters, but their values are important in a number of
areas. The strange quark mass, for example, appears
in the evaluation of matrix elements for the I = 1=2
rule and the CP-violation parameter 
0
=. Chiral per-
turbation theory allows the extraction of the mass ra-
tios from pseudoscalar meson masses. QCD sum rules
can be applied for the masses themselves, but rely on
detailed experimental information about the hadronic
spectral function. Direct calculation of the masses
from lattice QCD is thus an important challenge.
Lattice simulations determine a bare lattice-
spacing-dependent quark mass m(a) which can be re-
lated to a continuum renormalised mass, such as the
MS mass, m
MS
(). The conversion factor can be cal-
culated using (boosted) perturbation theory. It has
become standard to quote results form
MS
(2GeV), us-
ing a scale which matches the typical scale of lattice
calculations (a
 1
 2{4GeV) and for which pertur-
bation theory should work better. The lattice mass is
determined by evaluating pseudoscalar or vector me-
son masses, for which the mass-squared or mass itself
depend linearly on the quark mass respectively.
Gupta and Bhattacharya (G&B)
?;?
have made
a recent global analysis, performing a continuum ex-
Figure 6: Strange quark mass, m
MS
s
(2 GeV), extracted us-
ing m

in quenched calculations with Wilson and staggered
quarks .
?;?
Also shown are ts for the continuum extrapolation
of both sets of points.
trapolation, a ! 0, of quark masses calculated using
both Wilson and staggered fermions. The extrapola-
tion for the strange quark mass is shown in Fig. 6.
For Wilson quarks the leading lattice spacing depen-





compare results for Wilson quarks and quarks with a
tadpole-improved SW action, where O(a) eects are
reduced, rst appearing as O(
s
a), and also perform
a continuum extrapolation.











For the u and d quarks, the quantity extracted














These values are already at the bottom end of the
range predicted by other methods. Since m
s
appears
quadratically in the evaluation of matrix elements for

0
=, a low value could have important implications
for standard model calculations of CP violation.
?
The Wilson data for the strange quark mass
clearly depend on the lattice spacing. Although the
leading a dependence is linear, it could be that a num-
ber of eects are conspiring to produce an apparent
9
linear dependence in the current data (compare the
case for B
K
for staggered fermions, where the lead-
ing O(a
2
) is satised, if at all, only for the data at
the smallest lattice spacings used to date). In this
case, the nal result may well turn out to be dier-
ent. These values rely on a perturbative matching be-
tween lattice and continuum denitions of the quark
masses, which could prove to be unreliable although
the perturbative correction is not large. Nonpertur-
bative methods have been proposed and tested, based
on the Ward identity for the axial vector current.
?
The results above are all in the quenched approxi-
mation. Some calculations are also available with two
avours of dynamical fermions. For the same lattice
spacing they lie systematically below the quenched re-
sults, an eect anticipated from the dierent running
of the strong coupling in quenched and unquenched
QCD.
?
The reduction of the quark masses in full QCD
might be very dramatic, but I believe the current
paucity of data forbids meaningful numerical predic-
tions. It will be extremely interesting, however, to
follow developments in these calculations.
9 The Lightest Scalar Glueball
Experiments
?
show that there are more scalar-
isoscalar resonances with masses below 1:8GeV than
can be accounted for by light qq states. This is strong








and qq states are expected to mix, the glueball content
of these candidates remains to be determined.
Lattice calculations provide input by calculating
glueball masses in the quenched approximation, where
glueballs are stable and do not mix with quark states.
In principle, full QCD can be modelled on the lattice,
tuning the sea quark masses between physical values,
where the experimental meson spectrum should be re-
produced, and large values, where one matches onto
quenched results. In practice, glueball studies using
dynamical quarks, where glueball-meson mixing can
occur, are just beginning. Initial results
?
suggest that
the masses will not change by more than about 10%.
The dynamical masses used are still quite large, how-
ever, and things will become more complicated when
these masses are light enough to allow glueball decay.
Two groups have continuum-











Continuum extrapolations of all available data can dif-
fer because dierent quantities are used to x the lat-













1610(150)MeV Close & Teper
?;?
Quenched lattice calculations also now exist for scalar
ss quarkonium.
?;?
These have not been extrapolated
to zero lattice spacing, but the evidence is that the
quenched scalar ss mass is below the quenched scalar
glueball mass.
The lattice results can be used as input for
glueball-quarkonium mixing models. Weingarten
?
has a simple model mixing the glueball with ss and











(1720) masses (if the latter state is conrmed as
a scalar) can be reproduced for input glueball and ss
masses of about 1640MeV and 1520MeV respectively,
consistent with the lattice results. The f
0
(1720) is
more than 75% glueball (in probability), while the
f
0
(1500) is more than 75% ss. Moreover, the nn
component of the f
0
(1500) has opposite sign to the
ss component, which could help explain the observed
suppression in the width of f
0
(1500) decays to K

K.
A quenched calculation has also been made of
the coupling of the 0
++
glueball to two pseudoscalar
mesons.
?
This is a very delicate calculation made at a
single value of the lattice spacing. The result, how-
ever, is a value of 108(29)MeV for the total two-
body width, implying that the lightest scalar glueball
should be easy to nd experimentally. The calcula-
tion also indicates that the two-body couplings in-
crease with increasing pseudoscalar mass, consistent
with observations for the f
0
(1720).
The Weingarten model and arguments suggest
that the f
0
(1720) is predominantly a glueball and
f
0
(1500) is predominantly ss quarkonium. However,
other models produce dierent conclusions.
?;?
Various
experimental tests to determine the avour content of
the isoscalar mesons have been proposed.
?;?;?;?
Future
lattice calculations, models and experiments should
help pin down the glueball.
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